

































　本実験では，Escherichia coli JM109 ｛recA1，endA1，
gryA96，thiﾝ1，hsdR17(rk－ mk＋)，e14－(mcrA－)，
supE44，relA1，Δ(lac-proAB)/F’[traD36，proAB＋，
lacI q，lacZ ΔM15]｝を使用した．プラスミドは pCRR-
TOPOR と pUC18を使用した．
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An alanine racemase (EC 5.1.1.1) from an extreme thermophilic bacterium Thermus thermophilus HB8, 
was purified and characterized, and its gene was cloned. The cloned alanine racemase gene (alr) was 
expressed in Escherichia coli JM 109. The alr gene is composed of a 1080 bp and encoded a 360 amino 
acid, and was predicted to have a molecular weight of 38,596. The enzyme was purified by heat shock at 
70°C for 10min and DEAE Toyopearl 650M column chromatography. The purified enzyme had an 
optimum pH9.0～10.0 and an optimum temperature of 55°C～60°C. Enzyme activity was retained 100ｵ 
after incubation of the enzyme at 70°C for 10min. Alanine racemase from Thermus thermophilus HB8 is 
a monomeric enzyme with a molecular mass of 39 kDa.
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地（0.8ｵ polypepton，0.4ｵ yeast extract，0.2ｵ NaCl，
0.35ﾋ CaCl2，0.40ﾋ Mg Cl2，pH7.5）を用いて75℃で
培養した．また静置培養にはTM固体培地（0.8ｵ poly-
pepton，0.2ｵ NaCl，0.35ﾋ CaCl2，0.40ﾋ Mg Cl2，３
ｵ gellan gum，pH 7.5）を用いて75℃で培養した．
　E. coli JM109の振とう培養には２× TY液体培地
（1.6ｵ polypepton，1.0ｵ yeast extract，0.5ｵ NaCl）
を用いた．また静置培養にはTY固体培地（1.0ｵ poly-






















された alr 遺伝子を，同様に処理した pUC18にDNA 
Ligation Kit Ver.2（TaKaRa）を用いて繋ぎこみ，発現
用プラスミド pUC-alr を構築し，E.coli JM109に形質転
換を行った．
アラニンラセマーゼの発現と精製
















































（pH 7.0），にバッファー置換した後，TSK-GEL SW 3000
（東ソー）を用いて分子量測定を行った．HPLC装置は
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Thermus thermophilus HB8 由来 alr 遺伝子のクローニ
ング









セマーゼ2,3)と赤痢菌 Shigella sonnei 由来のモノマー型
のアラニンラセマーゼ4,5)と比較したところ，G. stearo-






マー thr U002K，thr L001にはそれぞれEcoRI，PstⅠ認
識部位を組み込んでいたので，この制限酵素部位を用い
て alr 遺伝子を発現プラスミド pUC-18へライゲーショ
ンさせた．このようにして作成したAlr 発現プラスミド
を pUC-alr と命名した（Fig.２）．
　pUC-alr を持つE. coli JM109大腸菌クローン株は，５
㎖の２× TY培地で培養され IPTG誘導された後，無細
胞抽出液でＤﾝアラニンに対するアラニンラセマーゼ活










































Fig. 2 Restriction map of expression plasmid pUC-alr.
pUC-alr was constructed by inserting the alanine race-
mase gene into multi-cloning site of pUC18.
Fig. 1 Sequence alignment of alanine racemase.
T. th, Thermus thermophilus HB8；G. st, G. stearothermophilus；
S. so, Shigella sonni. ＊, conserved amino acid with all species；

































Cell free extract 1830 680 2.69 100 1.0
Heat treatment 2020 440 4.62 100 1.7
DEAE-Toyoperl 1060 15.8 67.4 58 25
Hydroxyapatite 810 12.3 65.7 44 24






Fig. 3 SDS-Polyacrylamide gel electrophoresis of alanine 


























Fig. 4 Determination of the relative molecular mass of alanine 























Fig. 5 Optimum temperature of alanine racemase from T. 
thermophilus HB8
, Enzyme activity was assayed in ｄ-to ｌ-alanine 




















Fig. 7 Thermal stability of alanine racemase from T. thermo-
philus HB8
, Enzyme activity was measured after incubation of 
the enzyme at various temperatures for 10min；
, Enzyme activity was measured after incubation of 






















Fig. 6 Optimum pH of alanine racemase from T. thermophilus 
HB8
, Enzyme activity was assayed in ｄ-to ｌ-alanine 




















ールとして Shigella dysenteriae 由来アラニンラセマー
ゼの分子量が増大した同様の条件下で本酵素を16/60 











































Fig. 8 pH stability of alanine racemase from T. thermophilus 
HB8
, Enzyme activity was measured after incubation of 
the enzyme at various pH for 10min； , Enzyme 
activity was measured after incubation of the enzyme at 
various pH for 30min； , Enzyme activity was 
















































Fig. 9 Gel filtration chromatography of Alanine racemase using 
HPLC
1, Molecular weight marker；2, Alanine racemase； 
3, Alanine racemase with 0.1M ｌ-alanine；4, Alanine 
racemase with 0.1M ｄ-alanine
Content of enzyme is 20 ｻg, flow rate is 1 ml/min
Number by each peak indicates retention time (min)














セ マ ー ゼ を 中 等 度 好 熱 性 細 菌Geobacillus 














１) Seow, T. K., K. Inagaki, T. Nakamura, R. Maeda, T. 
Tamura, and H. Tanaka：Purification and Some Character-
istics of a Monomeric Alanine Racemase from an Extreme 
Thermophile, Thermus thermophilus. J. Biosci. Bioeng., 
90，344ﾝ346 (2000)
２) Shaw, J. P., G. A. Petsko, and D. Ringe：Determination of 
the Structure of Alanine Rasemase from Bacillus 
stearothermophilus at 1.9-Å Resolution. Biochemistry., 36，
1329ﾝ1342 (1997)
３) Watanabe, A., T. Yoshimura, B. Mikami, H. Hayashi, H. 
Kagamiyama, and N. Esaki：Reaction Mechanism of Alanine 
Racemase from Bacillus stearothermophilus, J. Biol. Chem., 
277，19166ﾝ19172 (2002)
４) Yokoigawa, K., R. Hirosawa, H. Ueno, Y. Okubo, S. 
Umesako, and K. Soda：Gene Cloning and Characterization 
of Alanine Racemase from Shigella dysenteriae, Shigella 
boydii, Shigella flexneri, and Shigella sonnei. Biochem. 
Bilphy. Res. Com., 288，676ﾝ684 (2001)
５) Inagaki, K., K. Tanizawa, B. Badet, T. Walsh C., H. 
Tanaka, and K. Soda：Thermostable Alanine Racemase from 
Bacillus stearothermophilus：Molecular Cloning of the Gene, 
Enzyme Purification, and Characterization. Biochemistry, 
25，3268ﾝ3274 (1986)
６) Watanabe, A., Y. Kurokawa, T. Yoshimura, T. Kurihara, 
K. Soda, and N. Esaki：Role of Lysine 39 of Alanine 
Racemase from Bacillus stearothermophilus That Binds 
Pyridoxal 5’-Phosphate. J. Biol. Chem., 274，4189ﾝ4194 
(1999)
７) Watanabe, A., T. Yoshimura, B. Mikami, and N. Esaki：
Tyrosine 265 of Alanine Racemase Serves as a Base Abstrac-
ting ｸ-Hydrogen from L-Alanine：The counterpart Residue to 
Lysine 39 Specific to D-Alanine. J. Biochem., 126，781ﾝ786 
(1999)
８) Strych, U., and J. Benedik M.：Mutant Analysis that 
Alanine Racemase from Pseudomonas aeruginosa and 















60 70 80 90 60 70 80 90




＋Ｌ-Ala Mr 41,800＋Ｌ-Ala Mr 60,000












Fig. 10 Gel filtration chromatography of alanine racemase using  FPLC.  Flow rate is 1 ml/min.

